Analysis of the germination of individual Clostridium perfringens spores and its heterogeneity.
To analyse the germination and its heterogeneity of individual spores of Clostridium perfringens. Germination of individual wild-type Cl. perfringens spores was followed by monitoring Ca-dipicolinic acid (CaDPA) release and by differential interference contrast (DIC) microscopy. Following the addition of KCl that acts via germinant receptors (GRs), there was a long variable lag period (T(lag)) with slow release of c. 25% of CaDPA, then rapid release of remaining CaDPA in c. 2 min (ΔT(release)) and a parallel decrease in DIC image intensity, and a final decrease of c. 25% in DIC image intensity during spore cortex hydrolysis. Spores lacking the essential cortex-lytic enzyme (CLE) (sleC spores) exhibited the same features during GR-dependent germination, but with longer average T(lag) values, and no decrease in DIC image intensity because of cortex hydrolysis after full CaDPA release. The T(lag) of wild-type spores in KCl germination was increased significantly by lower germinant concentrations and suboptimal heat activation. Wild-type and sleC spores had identical average T(lag) and ΔT(release) values in dodecylamine germination that does not utilize GRs. Most of these results were essentially identical to those reported for the germination of individual spores of Bacillus species. However, individual sleC Cl. perfringens spores germinated inefficiently with either KCl or exogenous CaDPA, in contrast to CLE-deficient Bacillus spores, indicating that germination of these species' spores is not completely identical. This work provides information on the kinetic germination and its heterogeneity of individual spores of Cl. perfringens.